Abstract
Introduction
With the advent of fourth generation (4G) mobile communication technologies, mobile commerce has acquired rapid development. According to a report issued by China Internet Network Information Center(CNNIC), the number of mobile Internet users in China exceeded 500 million, accounting for 81% of its Internet population(618 million) by 2013 [1] . Faced with this opportunity, mobile service providers have released a variety of services, which can be classified into four categories: communication, information, entertainment and transaction [2] . The CNNIC report indicates that the entertainment applications such as mobile music, video and games have been very popular among users [1] . In comparison, mobile payment as a transaction application has only been adopted by a minority of users. Nevertheless, mobile payment as an emerging service has great potential.
Mobile payment means that users adopt mobile terminals such as cell phones to access payment services including account inquiry, transference and bill payment. With the help of mobile terminals and networks, mobile payment has freed users from the temporal and spatial limitations, and enabled them to conduct payment at anytime from anywhere. Almost all Banks provides the mobile payment services to users. They all expect users to widely adopt and use mobile payment. Then they can take advantage in the fierce market competition. The CNNIC report indicates that mobile payment is still in its early stage of development (15.2%of acceptance rate).
Considering the low adoption rate of mobile payment, it is necessary to identify the factors affecting mobile payment user adoption. On one hand, due to the virtuality and lack of control, mobile payment involves great uncertainty and risk. Especially, compared to wired networks, mobile networks may be more vulnerable to hacker attack and information interception. This leads to users' concern about mobile payment security. They doubt whether mobile payment can effectively protect their account and payment from potential problems. If they cannot engender enough trust in mobile payment, they will not adopt and use it. On the other hand, compared to desktop computers, mobile terminals such as cell phones have some constraints such as small screens, low resolution and inconvenient input, which make it difficult for mobile users to search for relevant information. In addition, users always expect to acquire ubiquitous and reliable mobile payment services.
The technology acceptance model (TAM) is a well-recognized model used to explain information system adoption behavior [3] . According to the TAM, adoption behavior is determined by the intention to utilize a particular system, which is, in turn, determined by the perceived usefulness and the perceived ease of use of the system. One major benefit of using the TAM is that it provides a framework by which the effect of external variables on system usage can be assessed.
A number of studies have focused on the adoption factors of mobile payment. These studies have been based primarily on the TAM, with additional constructs adapted for the study of mobile payment such as security, cost, mobility, use situation, expressiveness, convenience, speed of transaction, social reference groups, facilitating condition, the attractiveness of alternatives, privacy, system quality, and technology anxiety [4] [5] [6] [7] [8] [9] [10] . But few paper examine mobile payment user adoption from the trust perspective. This paper integrated both TAM and trust theory to examine mobile payment user adoption. We included perceived ease of use, perceived usefulness, structural assurance and ubiquity into the model as the determinants. Trust act as a mediator between these four determinants and usage intention.
The rest of this paper is organized as follows. The research theoretical background and research hypotheses are presented in Section 2. Next, Section 3 reports instrument development and data collection. The data analysis and results are reported in section 4. Finally, section 5 follows with the summary, contributions, implications, and limitations of the study.
Theory Background and Research Hypotheses
In this section, the theoretical background of our study is developed with the literature review of technology acceptance theories, trust, online and mobile payment adoption. Based on these theories, we developed the research hypotheses.
Technology Acceptance Theories
A number of research models have been introduced to explain computer-usage behavior. Fishbein and Ajzen's Theory of Reasoned Action (TRA) [11] , which depicts user behavior from social psychology's point, is the theoretical basis of Theory of Planned Behavior (TPB) [12] , Technology Acceptance Model and Unified Theory of Acceptance and Use of Technology (UTAUT) [13] . TRA is very general in nature and attempts to explain almost any human behavior. According to TRA, a person's performance of a specified behavior is determined by his or her behavioral intention (BI) to perform the behavior, and BI is jointly determined by the person's attitude and subjective norm concerning the behavior in question. TAM is one of the first and the most influential research models to explain users' IT adoption behavior. The TAM has been recognized as a useful model of technology acceptance behaviors in a variety of IT contexts, and is currently widely applied among researchers of information systems in general. The fundamental rationale of the TAM is that IT users act rationally when they decide to use an IT. In the process of users' intention to use new IT, two belief variables -perceived usefulness and perceived ease of use of the system -are the most salient factors in users' intention. Perceived usefulness is defined as the degree to which a person perceives that adopting the system will boost his/her job performance. Perceived ease of use is defined as the degree to which a person believes that adopting the system will be free of effort. Perceived usefulness has an immediate effect on adoption intention, whereas perceived ease of use has both an immediate effect and an indirect effect on adoption intention via perceived usefulness. In TAM2 (Venkatesh & Davis, 2000) [14] , an extended TAM, social and organizational variables such as subjective norm, image, job relevance, output quality, and result demonstrability are included in the model. All these factors are shown to have direct impact on perceived usefulness. In addition, the study shows that subjective norm not only influences perceived usefulness, but also has impact on user intention.
Trust
In commercial transactions, especially in the online or mobile context, trust plays an important role due to the high degree of uncertainties and risks involved. Due to its significant role, trust has received considerable attention in information systems research. The factors identified to affect online trust include website-based, user-based, company-based determinants [15] . Similar to online transaction, mobile transactions also involve great risk. Thus it is critical to building mobile user trust [16] [17] . Compared to the abundant research on online trust, mobile trust has just begun to receive attention from researchers. Lin and Wang [18] revealed that trust has significant effects on mobile user satisfaction and loyalty. Li and Yeh [19] argued that design aesthetics affect mobile trust through ease of use, usefulness and customization. Vance et al. [20] examined the effect of system quality including visual appeal and navigational structure on mobile user trust.
Online and Mobile Payment Adoption
Online payment represents a type of electronic banking and its adoption has received considerable attention from researchers. And most research has been conducted from the perspective of the technology acceptance model. Laforet and Li [21] compared the factors affecting Chinese users' adoption of online and mobile banking. The results indicated that security is the main factor affecting online banking adoption, whereas lack of awareness and understanding of benefits is the main factor affecting mobile banking adoption. Lee, T. [22] found that offline banking trust has significant effects on online banking users' flow, structural assurance, satisfaction and perceived extent of use. Lee et al. [23] examined user switch from offline banking to online banking. Their results indicated that perceived usefulness, perceived ease of use, offline trust, offline loyalty and switch cost affect user attitude towards switching. Al-Somali et al. [24] found that perceived usefulness, perceived ease of use and trust affect online payment acceptance in Saudi Arabia. Liao and Cheung [25] suggested that usefulness, ease of use, reliability, security, responsiveness and continuous improvement affect user satisfaction with online payment. Yiu et al. [26] noted that perceived usefulness, perceived ease of use, perceived risk and personal innovativeness affect online payment adoption in Hong Kong.
As an emerging service, mobile payment adoption has also gained attention from researchers. Luo et al. [4] integrated trust theory and the unified theory of acceptance and use of technology (UTAUT) to examine mobile payment user behavior. Their results show that trust has effects on perceived risk and performance expectancy, further determining behavioral intention. Kim et al. [5] reported that structural assurance, relative benefits and personal propensity to trust affect initial trust in mobile payment. Lin [27] integrated innovation diffusion theory (IDT) and trust theory to examine mobile payment adoption. Their results indicated that relative advantage and perceived competence have strong effects on user attitude towards mobile banking. Shen et al. [28] examined mobile banking adoption from a benefit-cost perspective. They suggested that the key benefit of mobile payment is convenience, whereas the key cost is security.
Comparing above research on online and mobile payment adoption, we can find that trust has been found to be a significant determinant of user behavior. Nevertheless, there may exist some differences between the factors affecting both online and mobile payment adoption. For example, compared to online banking, the main advantage of mobile payment is ubiquity, which enables users to access payment services at anytime from anywhere. In addition, mobile payment needs strong structural assurance as it involves great uncertainty and risk due to possible information interception and hacker attack associated with mobile networks. Thus it is necessary to take these unique characteristics such as ubiquity and structural assurance into consideration when examining mobile payment user adoption. Our research model tries to capture the effects of these factors on mobile payment user behavior. Figure 1 presents the research model. Structural assurance, ubiquity, perceived ease of use and perceived usefulness are proposed to affect trust. In addition, further affect user usage intention. Perceived ease of use is a main component of TAM [3] . It reflects the difficulty of using mobile payment. Due to the constraints of mobile terminals such as small screens and inconvenient input, it may be difficult for users to operate mobile payment if service providers cannot present a good interface to users. An easy-to-use mobile payment with welldesigned interfaces and powerful navigation will reflect service providers' ability and benevolence, thus affecting user trust. In addition, an easy-to-use mobile payment system will also reduce users' effort spent on learning to use mobile payment and increase their feelings of perceived control. This helps focus users' attention on the main activity and improve their experience. The effect of perceived ease of use on trust has been validated in previous research [3, 20] . Thus, we hypothesize:
Research Model and Hypotheses
H1: Perceived ease of use positively affects user trust. H2: Perceived usefulness positively affects user trust. H3: Perceived ease of use positively affects perceived usefulness. Structural assurance as an institution-based trust mechanism can effectively build users' trust in and decrease their perceived risk with online transactions [30] . Structural assurance means that there exist adequate technological and legal structures to ensure payment security. Compared to online payment, mobile payment built on wireless networks may be more vulnerable to hacker attack and information interception. In addition, viruses and Trojan horses may exist in mobile terminals. These problems will affect the account and money security. Thus, if there exist enough structural assurances such as certification and regulations to ensure payment security, users can build their trust in mobile payment because they may transfer their trust in these third-party mechanisms to mobile payment. Thus, we hypothesize:
H4: Structural assurance positively affects user trust. Ubiquity means that with the help of mobile terminals and networks, users can access mobile payment at anytime from anywhere. Ubiquity is a main advantage of mobile payment compared to traditional and online payment. It frees users from the spatial and temporal limitations and enables them to conduct ubiquitous payment. Nevertheless, presenting ubiquitous services to users is not easy for service providers. They need to spend continuous effort and resources on ensuring ubiquitous mobile payment services. Thus ubiquity will act as a trustworthiness signal. If users cannot acquire reliable and ubiquitous services, they may decrease their evaluations on service providers' ability and integrity. Lee [39] also pointed out the positive effect of ubiquitous connection on mobile trust. Thus, we hypothesize:
H5: Ubiquity positively affects user trust. Trust reflects a willingness to be in vulnerability based on the positive expectations towards another party's future behavior. Trust often includes three dimensions: ability, integrity and benevolence [27] . Ability reflects that service providers have the skills and knowledge necessary to fulfill their tasks. Integrity reflects that service providers keep their promises and do not deceive users. Benevolence reflects that service providers keep users' interests in mind and will not just care their own benefits. Trust will affect usage intention. Trust helps alleviate the uncertainty and risk associated with using mobile payment, and will promote user behavior. According to the theory of reasoned action (TRA), trust as user belief will affect behavioral intention, which in turn affects actual behavior [11] . Thus, we hypothesize:
H6: Trust positively affects usage intention.
Figure 1. The Research Model

Method and Data Collection
The research model includes six factors. Each factor was measured with multiple items. All items were adapted from extant literature to improve content validity. The items measuring perceived ease of use and perceived usefulness were both adapted from Agarwal and Karahanna [37] ; the items measuring structural assurance were adapted from McKnight et al. [38] ; the items measuring ubiquity, trust and usage intention were all adapted from Lee [39] . Both researchers had knowledge on e-business and expertise on English-Chinese translation. There were no significant discrepancies between the original English items and the back-translated items. When the instrument was developed, it was tested among ten users that had mobile payments experience. According to their comments, we revised some items to improve the clarity and understandability. All items were measured with a seven-Likert scale ranging from strongly disagree (1) to strongly agree (7).
Data were collected at a university located in a central China city. We feel that selecting students as our subjects is appropriate as they represent the largest group of mobile internet users now. They are also potential mobile payment users, which fit our research context. In order to obtain a representative sample, we distributed the questionnaires among students with amateur degree, bachelor degree and graduate degree, respectively. Researchers first inquired whether the students had online payments usage experience. Then we invited those with previous experience to participate in our survey. After that, users were asked to fill the questionnaire based on their experience. We scrutinized all responses and dropped those with too many missing values, which may affect estimation results in data analysis. As a result, we obtained 193 valid responses. Among them, 56.5% were male and 43.5% were female. A majority of them (95%) had conducted electronic trading for more than one year. Table I shows the demographic information of the sample. 
Data Analysis and Results
We employed SmartPLS2.0 to verify our measurement and theoretical model, since the partial least squares (PLS) algorithm is a components-based structural equation modeling technique that has gained acceptance among IS researchers [32] [33] . As an alternative to the more widely known covariance fitting approach (exemplified by software such as LISREL, EQS, and AMOS), the component-based PLS is better suited for explaining complex relationships as it avoids two serious problems: inadmissible solutions and factor indeterminacy [34] . Being a components-based structural equation modeling technique, PLS "is similar to regression, but simultaneously models the structural paths (i.e., theoretical relationships among latent variables) and measurement paths (i.e., relationships between a latent variable and its indicators), allowing each indicator to vary in how much it contributes to the composite score of the latent variable," thus being "preferable to other techniques" [35] .
Before testing the hypothesized relationships, we first assessed measurement validity, including content validity, convergent validity, and discriminant validity. With regard to content validity, since all constructs and items are based on the previous literature, subject to minor improvements in wordings after the pilot survey, we thus believe each of them is accurately expressed and has a clear meaning.
The whole measurement model comprises six constructs. After running the model, we obtained results that support the convergent validity and discriminant validity. Factorial validity such as item loadings and cross-loadings can also be used to help assess convergent validity and discriminant validity [36] . Table II shows the Standardized item loading (SIL), average variance extracted (AVE), composite reliability (CR), and Cronbach's Alpha of each construct. We can see that all the values of CR are greater than 0.836 and all the values of Cronbach's Alpha are greater than 0.712, which suggests a good degree of reliability and convergent validity of all the reflective constructs [36] . Table III shows the correlations between constructs and square roots of AVE. We can see that the square root of each construct's AVE is larger than its correlations with other constructs, suggesting sufficient discriminant validity [36] . Table IV shows the loadings and cross-loadings where all items load much higher on their specified constructs than on other constructs, further suggesting sufficient discriminant and convergent validity for all constructs used in this study.
It is suggested that using single-source, self-reported data may have the potential for common method bias, while obtaining data from different sources can help reduce common method variance (CMV) [41] . Harman's single-factor test is arguably the most extensively applied approach for assessing CMV. Harman's single-factor test was performed with the complete data set by conducting a principal components analysis (PCA) in SPSS. The factor solution resulted in six factors with eigenvalues greater than 1.0, accounting for 83.29% of variance. At the same time, the first factor accounted for 18.69% of the variance, indicating that this factor does not account for the majority of the variance [41] . Furthermore, following Podsakoff et al. [41] and Liang et al. [42] , we included in the PLS model a common method factor whose indicators included all the principal constructs' indicators. "For each single-indicator construct, we examined the coefficients of its two incoming paths from its substantive construct and the method factor" [42] . As shown in Table  5 , for all the 19 items, most method path coefficients are not significant. Meanwhile, the path coefficients of substantive constructs are substantially greater than their method path coefficients, thus explaining substantially greater variance of items than method. So, we contend that common method bias is not a concern in this study.
The bootstrap is described as "a computer-based method for assigning measures of accuracy to statistical estimates" and the usual measure of accuracy for statistical quantities is the standard error [43] . In traditional methods, "a standard error is usually estimated from equations that are derived from a series of assumptions and mathematical operations" [43] . For the bootstrap method, it "involves having a computer program generate a series of data sets (bootstrap samples) that are designed to resemble the ones that would be observed if the estimation study were repeated many times. Each bootstrap data set is obtained by sampling (with replacement) from the original data" [43] . Thus bootstrap procedures can draw repeated random samples from the data set and use these samples to estimate standard errors and calculate t statistics for inferential purposes [43] . The structural model with results is presented in Figure 2 . Test of significance were performed using the bootstrap resampling procedure with 1,000 samples, following the recommendation that the sample size should be at least 500 [43] , so as to obtain the stable t values of the estimates. From Figure 2 , we can see that all the hypotheses are supported. The results indicate that structural assurance, ubiquity, perceived ease of use and perceived usefulness affect trust. Trust has a significant effect on usage intention. 
Discussion
The aim of this study is to examine users' acceptance of mobile payment from a trust perspective. From Figure 2 , we can see that all hypotheses are supported. The results indicate that structural assurance, ubiquity, perceived ease of use and perceived usefulness affect trust. Trust has a significant effect on usage intention. Among the factors affecting trust, structural assurance has the largest effect (c = 0.35). This is consistent with Kim et al. [5] , which reports that structural assurance has a strong effect on initial trust in mobile payment. Thus mobile payment service providers need to adopt advanced encryption and third-party certification to increase user trust. They can use secure socket layer (SSL) encryption and digital certificates to ensure payment security. They can also display trust-seals such as VeriSign to demonstrate that they have been verified by the authoritative organizations. Besides structural assurance, ubiquity, perceived ease of use and perceived usefulness have significant effects on trust. Thus whether mobile service providers can provide ubiquitous and usefulness services will affect users' evaluations on their ability and benevolence. It is worth noting that to some extent, ubiquity also means vulnerability as ubiquity is built on wireless network, which is vulnerable to information interception and hacker attack. In this research, we mainly measured ubiquity with items reflecting service providers' ability to provide ubiquitous mobile payment services to users. If users feel that service providers have this ability, they may build trust. We also found that trust has a significant effect on usage intention. If users do not trust mobile service providers, they will not expect positive experience associated with using mobile payment. The significant effect of trust on usage intention is consistent with prior research findings [3, 5] . This also highlights the necessity to build users' trust to facilitate their adoption and usage of mobile payment.
Implications and Limitations
This study has both theoretical and practical contributions. From a theoretical standpoint, while TAM has been extensively applied in prior research on user adoption in the virtual marketplace, prior research mostly focuses on factors that might be effective in predicting behavioral intention in a relative single channel.
From a theoretical perspective, this research examined mobile payment user adoption from the perspectives of trust. As noted earlier, extant research such as Kim et al. [5] has paid attention to the effect of trust on mobile payment user behavior due to the high uncertainty International Journal of u-and e-Service, Science and Technology Vol. 8, No.1 (2015) and perceived risk. However, the effect of structure assurance and ubiquity has seldom been examined. The results support this argument and indicate that mobile payment user behavior is affected by trust. This advances our understanding of mobile payment user behavior. This research also extends extant studies on online payment adoption, which mainly use TAM as the theoretical base and reveal the significant effect of perceived usefulness and perceived ease of use on user behavior. Future research can combine more important factors to examine mobile payment user behavior.
From a managerial perspective, our results imply that service providers need to concern both trust to facilitate mobile payment user behavior. On one hand, they should attach great importance to building user trust. Due to the uncertainty and potential risk associated with using mobile payment, building users' trust is critical to their adoption and usage behavior. We found that structural assurance is the main factor affecting trust. Thus mobile service providers need to employ technological and legal structures to engender user trust in mobile payment. We found that perceived ease of use, perceived usefulness and ubiquity are the three main factors affecting trust. This indicates that mobile service providers need to present usefulness and ubiquitous services to users.
This research has the following limitations. First, we collected data in China, where mobile commerce is developing rapidly but still in its infancy. Thus the research results need to be generalized to other countries that had developed mobile commerce. Second, besides the four factors including perceived ease of use, perceived usefulness, structural assurance and ubiquity there may exist other factors affecting user behavior, such as network effect. When more peers adopt mobile payment, individual user may also adopt it to facilitate the payment in his social circle. Future research can explore the possible effect of network externality on mobile payment user behavior. Third we mainly conducted a cross-sectional study. However, user behavior is dynamic. Thus a longitudinal research may provide more insights on user behavior development.
